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source area of the Basin, more than 2,293 hectares of the headwater area has been lost due to its conversion to 
rubber plantations and mixed orchards. The foot slope areas are characterized by undulating to rolling topography 
and are used for Para rubber, and mixed orchards (Fig 1).  
The middle basin is a low lying former coastal/flood plain between the two old beach ridges. The land 
use/cover was mainly natural swamp vegetation and rain-fed paddy. The soils of the area contain acid sulfate and 
is low in soil fertility. The basin often experiences deep flooding during the rainy season, resulting in the 
extensively abandoned paddy fields. The area has recently been increasingly used for oil palm plantation. The 
southern part of the middle basin is an area of peat swamp/wetlands characterized by thick deposits of organic 
peat materials over the potentially acidic sulfate marine clay soils. 
 
 
Fig 1. The land form of the Pak Phanang Basin. 
The lower basin consists of a river flood plain, a narrow coastal plain and a tidal flat at the river mouth. The 
extensive mangrove forests are found along the shore, except on the northwestern side. During the era of shrimp 
farming in the early 90’s, large mangrove forests on the northwest coast of the bay and in the southeast were 
converted to shrimp farms. 
The flood plain next to the coastal area occupies the largest area of the basin and is characterized by flat 
terrain with relatively fertile soils and extensive irrigation canals used for transplanting paddy, with some 
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abandoned shrimp ponds in the area near the river. The landform and land use of Pak Phanang basin are summarized as 
follows:  
Table 1 Landform and land use of Pak Phanang Basin. 
Upstream Zone Topo/ terrain Land Use/cover Management Potential 
1. Mountains and hills Steep slopes Natural forest, rubber 
plantations  
Deforestation for rubber plantations  
2. Erosional surface Undulating - rolling Rubber and Mix 
orchards  
Shallow soil, low soil fertility 
3. Coastal/flood plain Between old beach Flats Rain-fed paddy Acidic sulfate soil, deep flooding, abandoned 
paddy fields 
4. Coastal plain Flat Irrigated paddy Expansion of shrimp farming, salt water 
intrusion during dry season 
5. Swamp/Wetlands Wetlands Natural vegetations Flooding, forest fires in dry season 
6. Tidal flat River mouth  Mangrove forests Deforestation, sediment deposition 
7. Coastal plain Tidal flat Shrimp farms Pollution and salt water intrusion 
Source: adapted from LDD (1999) [2]  
The Pak Phanang River is the main river of the basin (about 148 kilometers long) flowing from north to south 
and empties into the bay of the same name, which is protected by a small peninsula. Freshwater from the Pak 
Phanang River and tributaries, during the dry season, has dropped significantly and saline water flows into the 
river and its tributaries, causing great damage to agricultural areas and resulting in low productivity. Most of the 
people in the area are poor and the problems require urgent attention.  
The Pak Phanang River Basin has diverse resources and land uses, and the ecosystem is complex and dynamic 
in terms of water use, flooding, and physical change. With the construction of the water gate, drastic changes in 
the ecosystem of the basin resulted and this has had subsequent effects on the livelihood of the people in the 
basin.  
In order to gain an in-depth understanding of the problems and to identify the appropriate sustainability 
indicators for land resource management, and its assessment and monitoring, the following objectives are offered: to 
review the historical perspective of the area in order to identify the important issues involved, to define the causes, 
problems, and symptoms of each eco/resource potential and finally to identify the appropriate participatory resource 
management and monitoring indicators. 
2. Materials and Methods 
The methods of study involved an extensive literatures review and study of the historical perspectives of the 
basin, and of the dynamic issues and problems related to government policies during different periods. In-depth 
interview of local key informants and related government personnel in each ecosystem zone, and semi-structured 
questions and the PRA (participatory rural appraisal) techniques were employed in order to obtain resource-based 
information and information on resource management. 
3. Results and Discussions 
3.1. The historical perspective 
The historical perspectives of the Pak Phanang Basin can be grouped into the following stages of development 
as shown in Table 2. Before the National Economic Plan: 1907-1940, the Pak Phanang basin was known as the 
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“rice bowl” of the southern region and was the hub of rice trading. After the start of the 1-4th year of the 5-year 
National Economic Plan (1941-1983), with the rapid development of infrastructure and the construction of a road 
network in 1941, the era of prosperity based on rice trading with China ended and the economy of Pak Phanang 
began to decline.  
Table 2 Historical perspectives and changes in the basin. 
Year 5 Year National Social and 
Economic Plan 
Summary of the situation 
1907-1940 
The rice bowl of the 
region 
Before the National 
Economic Plan 
An important seaport for trading-transportation between China and Southeast Asia 
before 1940 
The main rice exporter to other southern regions-China, Malaysia and Singapore 
1941-1983 
The beginning of 
monoculture 
The 1st-2nd National Socio-
economic Plan – construction 
of roads and transportation 
network 
 
The 3rd -4th National Socio-
economic Plan – emphasis on 
national economic 
developments 
Construction of a road network and the end of important  sea trading and 
transportation in 1968. 
Increasing deforestation in higher areas for rubber plantations and monoculture 
agriculture 
Beginning of the coastal fisheries 
In 1962 Typhoon “Harriet” hit the coastal zone, causing major destruction of life, 
villages, paddy fields and mangrove forests 
Decline in paddy farmers’ income 
Beginning of the irrigation project and construction of irrigation canals, and the 
use of chemical fertilizers and pesticides. 
Salt water intrusion and shortage of fresh water supply, extensive shrimp farming  
1984-1998 
The blooming of 
intensive shrimp 
farming 
The 5th-6th National Socio—
economic Plan—promotion 
of economic stability and 
agricultural exports 
 
 
 
 
 
 
The 7th-8th National plan –
emphasis on people centered 
sustainable development. 
Beginning of intensive shrimp farming and intensive agrochemical agriculture 
High production risks and low market prices causing small farmers to accumulate 
debt  
Out-migration and change of occupation  
Salinity contamination of paddy fields and water pollution  
Land use conflicts and increasing abandonment of shrimp farms  
Loss of mangrove forests 
Shortage of fresh water supply and saltwater intrusion  
Flooding and acidic water drainage from peat swamps to paddy fields. 
No practical impact of the human centre development policy 
 
1999-present 
The Royal Irrigation 
Project and zoning 
of land use 
The 9th-10th National Socio-
economic Plan for 
Sustainable and Self-
Sufficiency Economy. 
Royal irrigation project; construction of water gate blocking the Pak Phanang 
River to prevent salt water intrusion 
Construction of extensive irrigation canals 
Zoning between fresh water paddies and salt water shrimp farms 
Adaptation of small farmers to the dynamic impacts, both positive and negative, of 
the changes in the natural ecosystem  
Sources: [1, 2, 3, 4, 5, 6] 
Growing numbers of people in these areas, coupled with a dwindling watershed area, had a serious impact on 
the environment. In 1987, the gross per capita income of the province was only one-half that of the country as a 
whole[3]. The changes in the socio-economic aspects of the area, and with the devastation in 1962 caused by 
typhoon “Harriet” and the subsequent frequent flooding and droughts, had an impact on the livelihood of the 
people, causing deterioration both in the natural forests and mangrove forests. Some of the agriculture sector, rice 
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farming, for example, changed to the fishing. Moreover, the disastrous flood in 1975 and 1988 caused much 
damage to lives, property, and the natural resources in the basin. 
The beginning of shrimp farming for export (1984-1998) created a new economic boom and Thailand became 
the second largest exporter of shrimps in the world, with 100,000 tons exported in 1990. It was found that the 
area of shrimp farms during the period of 1990 to 1992 increased to 25.78 km2 by encroaching on mangrove 
forests and land use changes from paddy land to shrimp farms. 
The total abandoned paddy fields were found to be 17.80 km2. Coconut and banana orchard areas increased to 
about 9.84 km2, and approximately 13.63 km2 of mangrove forest was destroyed and the highest depletion area, 
9.72 km2, was found during the years 1991 and 1992.  
In the 7th National economic plan, emphasis began to be placed on the reconsideration of sustainable economic 
and environmental management development. However, there was no practical impact on livelihood of people 
from the policy at the local level. 
The Royal initiated Irrigation Project (1999-Present), with the construction of a water gate and intensive 
irrigation network aimed at preventing salt water intrusion and separating freshwater and salt water into different 
zones for better agricultural development and shrimp culture, and together with recent National Economic Plan 
(8-10th), more emphasis was placed on the sufficiency economy as a significance of the plan. As a result, the 
primary data showed that some of the critical problems have been resolved, for example, land conflicts between 
rice farmers and shrimp farmers, salt water intrusion, shortage of fresh water for agriculture, and more diversified 
agricultural production systems [7]. However, the consequent changes in the natural ecosystem, the impact of the 
biodiversity in brackish water, natural habitat and vegetation, the ecology of the swamp forest, the nypa palm and 
mangrove forests affected the people whose income relied on these natural resources. The causes, problems, and 
symptoms of each ecosystem are summarized in Tables 3a – 3c. 
Table 3a. Causes, problems, and symptoms in the upper watershed at the Pak Phanang Basin. 
Upstream Mountain Upland 
Symptom Loss of  biodiversity 
Vulnerability to natural disasters 
Land conflicts 
Poverty 
Migration 
Problem Soil erosion 
Landslides 
Loss of natural vegetation 
Flashfloods 
Low yield 
Cause Development policy 
Promotion of rubber plantations 
Deforestation in the conservation zone 
Shallow soils and low fertility 
Monocultures 
 
The upper basin was important because of the amount of water in the rivers and it had a direct impact on both 
agriculture and fisheries in the lower basin. The promotion of rubber plantations and monoculture agriculture of 
Para-Rubber and fruits trees for export caused deforestation and increasing dependency on the agrochemical 
agriculture. It was found that the area of natural forests decreased to 5,490 hectares during 1990 and 2002
creating sediment from soil erosion and risks of landslides in the upper basin area [4]. 
The upland area was characterized by shallow and low fertility soils. The low productivity and income of the 
people in the area need more diversified land use to improve the standard of living more than in the past [8]. 
The increase in oil palm plantations and the degradation of swamp wetlands disturbed the hydrological 
balance of the basin and wetland function in buffering the salt water intrusion; filtering pollutants which would 
otherwise degrade lakes, rivers and groundwater. The wetlands also provided timber and non-timber products; 
and it is important for critical wildlife habitat. The significant social impact concerns land conflicts between local 
people and the government, and also local people and private investors of oil palm plantations in the wetland area. 
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Table 3b. Causes, problems, and symptoms in the middle watershed at the Pak Phanang Basin 
Middle 
Stream 
Coastal plain between two old beach 
ridges 
Coastal Swamp / Wetland 
Symptom Migration 
Poverty  
Loss of biodiversity 
Land conflicts 
Loss of wetland ecosystem and its function in regulating water 
balance of the watershed 
Problem Low yield 
Abandoned paddy fields 
Burning peat during the dry season 
Low yield 
Loss of natural vegetation 
Cause Acidic sulfate soils 
Deep flooding during the rainy season 
Deforestation for oil palm plantations. 
Draining of water from the wetland 
Acidic sulfate soils. 
The river flood plain of the lower basin occupies the largest areas of the basin and has an intensive irrigation 
facility and water gates to separate the fresh and salt water zones. Land use is mostly irrigated paddies, with some 
abandoned shrimp farms near the river. 
Table 3c. Causes, problems, and symptoms in the middle watershed at the Pak Phanang Basin. 
Down stream Flood plain Coastal plain/Tidal flat 
Symptom Decrease in water quality 
Poverty 
Lack of diversity of income opportunity 
Loss of fish incubation ground for marine fisheries 
Low quality of life 
Degradation of natural ecosystem 
Problem Abandoned shrimp farms 
Increase in aquatic weeds in river/water channel. 
Increase in water pollution. 
Decrease in aquatic varieties. 
Shortage of fresh water supply 
Stalinization of paddy fields 
Coastal erosion 
Decrease in fishery production 
Cause Change of fresh-brackish water ecosystem to 
fresh water zone. 
Deforestation of mangrove forests. 
Decrease in sedimentation. 
The coastal plain, predominantly sand beaches, with Pak Phanang Bay at the north, was characterized by an 
elongated sand bar, Laem Talumpuk, continually extending as sand is carried by the predominant northward 
shore drift interacting with the outflow of the river. The area was approximately 14 km. long and widened out 
from 3 km at the mouth of the Pak Phanang River to nearly 10 km at the entrance to the bay. 
Extensive mangrove forests are found along the shoreline, except on the northwestern side. The conversion of 
mangroves to shrimp farms occurred first on the northwest coast of the bay and is still continuing in the 
southeast. The agricultural uses of the land consisted of rice, fruit, fisheries, and shrimp ponds. 
 
3.2. Sustainability of land use assessment 
It was necessary to analyze the dynamics of the resource potential, together with the existing causes, 
problems, and symptoms of each ecological zone of the basin to be able to appropriate indicators for assessing 
and monitoring the performance of the situation of the basin. Sustainable land management can be defined as the 
combination of technologies, policies and activities aimed at integrating socio-economic principles with 
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environmental concerns and simultaneously maintaining or enhancing productivity/services, reducing the level of 
production risk, protecting the potential of natural resources and preventing degradation of soil and water quality, 
being economically viable and socially acceptable[9]. The aspects of sustainable land management, the 
sustainability indicators proposed for assessing and monitoring the sustainability of land use in the basin are 
summarized in Table 4.  
Table 4 Sustainability indicators for land use management of the basin. 
Sustainability Indicators Unit/Threshold 
Bio-Physical 
Vulnerability to Natural 
Disaster  
Risk of landslides Extent of severity of visible signs 
Soil erosion Rate of average soil loss of the area 
Flash floods Extent of frequency 
Biodiversity loss Deforestation Extent of area decrease 
 Decrease of mangrove forests Extent of area decrease 
 Declining aqua-animal wetland habitats Income of the locals relying on natural products 
 Decrease of natural swamps forest Extent of area decrease 
Land degradation Pollution Water quality 
 Fresh water scarcity Drought frequency 
 Loss of biodiversity Area decrease 
Socio Economic 
 Poverty Qualitative 
 Average income Qualitative 
 Migration Qualitative 
 Abandoned shrimp farms Area increase 
 Abundant paddy fields Area increase 
Land Resource Management Practices 
Productivity Soil fertility level Potential soil constraints 
 Yield trends Qualitative  
 Adoption of new technologies Qualitative 
 Level of input Qualitative 
Risk and Security Level of soil erosion Qualitative 
 Drought/flooding frequency Extent and frequency 
 Income from livestock Qualitative  
 Degradation risks/trends Qualitative 
Validity Net and off-farm income Qualitative  
 Availability of labor Qualitative 
 Extent of value added Qualitative 
 Size of land holding Qualitative  
 Government programs Qualitative 
 Social Acceptability personal & family health Qualitative 
 Off-farm impacts Qualitative 
 Viability of farming Qualitative 
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Some indicators may be interpreted by farmers in differing contexts, e.g. yield responses under high input, 
yield trends in comparison to the average under normal input level. The verification and the choice of indicators 
for each aspect indicators will be tested based on the use of participatory approaches in further detailed study.  
4. Conclusion 
The Pak Phanang River Basin is a complex ecological system undergoing rapid changes in bio-physical and 
socio-economic aspects. It is important to understand it from an historical perspective and to understand its 
ecological resource potential and its constraints and limitations in order to identify appropriate sustainability 
indicators used for evaluating and monitoring the land management in the area. 
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